Despite the continuing importance of ground-based parallax measurements, few active programs remain. Because new members of the solar neighborhood tend towards later spectral types, infrared parallax programs are particularly desirable. To these ends, the astrometric quality of the new infrared camera developed by VAIL for the 31-in (0.8-m) Tinsley reflector at Fan Mountain Observatory was assessed using 68 J-band exposures of an open cluster, NGC 2420, over a range of hour angles during 2005. Positions of 16 astrometric evaluation stars were measured and the repeatability of those positions was assessed using the mean error in a single observation of unit weight. Overall, a precision of 1.3 ± 0.7 µm in x (RA) and 1.3 ± 0.8 µm in y (Dec) was achieved, which correspond to 0.04" ± 0.02" in each axis. Although greater precision is expected from CCDs in the visual and near-infrared, this instrument can achieve precision similar to that of the ESO NTT infrared parallax program. Therefore, measuring parallaxes in the infrared would be feasible using this equipment. If initiated, such a program could provide needed distances for brown dwarfs and very low mass stars that would contribute significantly to the solar neighborhood census.
INTRODUCTION
Even in the well-surveyed northern hemisphere, only 1,131 stellar systems out of an expected 3,125 systems are identified as being within 25 pc (K. Slatten 2009, private communication; Henry et al. 2002) . The known systems incorporate the bright nearby stars filled in by the Hipparcos Space Astrometry Mission (ESA 1997, hereafter Hipparcos) . Although the Hipparcos catalog includes stars as faint as 12.4 mag in V-band, 3 it is significantly incomplete for stars fainter than 9 mag (Perryman et al. 1997 ). These limits correspond to an M5V star at approximately 10.5 pc and 2.2 pc, respectively (Drilling & Landolt 2000) . Most of the missing systems must, therefore, consist of intrinsically faint stars and brown dwarfs. Such cool objects will have their peak emission at wavelengths of 0.9 µm and longer (Drilling & Landolt 2000) .
Infrared surveys, such as the Two Micron All Sky Survey (Skrutskie et al. 2006, hereafter 2MASS ) and the Deep Near Infrared Survey of the Southern Sky (Epchtein et al. 1999, hereafter DENIS) are fertile sources of potential nearby stars.
Infrared surveys also have identified significant numbers of brown dwarfs, which cool continuously because they lack sufficient mass to sustain nuclear fusion. Trigonometric parallaxes of these substellar objects would allow accurate determination of their luminosities and better knowledge of their velocities. According to Chabrier and Baraffe (2000) , most brown dwarf radii should be commensurable with that of Jupiter. Therefore, accurate luminosities would improve temperature estimates in addition to developing more rigorous luminosity functions. More well-determined parameters of brown dwarfs for which parallactic distances can be measured would also enhance our techniques for estimating distances and related properties for those even farther away. Gelino, Kirkpatrick, and Burgasser (2004) 4 list 753 L and T dwarfs of which only 86 have parallax measurements. This list includes the nine relative parallaxes for T dwarfs measured by Tinney, Burgasser, and Kirkpatrick (2003; hereafter TBK03) using the European Southern Observatory New Technology Telescope (ESO NTT) camera and forty preliminary parallaxes for L and T dwarfs measured by Vrba et al. (2004) severely damaged ASTROCAM. The program is suspended while the instrument is being replaced (F. Vrba 2006 Vrba , 2009 . Even while the USNO program was in full operation, the need for an additional infrared parallax program to increase the number of brown dwarfs with such determinations was clear (Vrba et. al 2004 , K. Cruz 2005 . Assuming one week of observations each month, a parallax program should be able to observe about fourteen sources per hour of right ascension (T. Henry 2006, private communication) . Observations of a particular object are usually grouped in semi-annual seasons of high parallax factor and spread over several years in order to separate parallax and proper motion appropriately. Although TBK03 were able to obtain adequate relative parallaxes for eight brown dwarfs in just under two years, three years of observations are more usual. Vrba et al. (2004) anticipated that three to four years of observations would be necessary before finalizing their larger sample.
The University of Virginia (UVa) has been a leader in the measurement of parallaxes with programs at Leander McCormick, Fan Mountain, and Siding Spring Observatories.
However, the last of these, the UVa Southern Parallax Program (Ianna 1993; hereafter SPP) Charlottesville. Rising 366 meters above the countryside, the isolated peak is above the nighttime inversion layer. The nearest of the Blue Ridge Mountains, which can produce turbulence, is at least 24 kilometers away (Birney 1966) . Although seeing conditions better than a second of arc have been reported at this site, recent measurements indicate a median seeing of Tinsley Laboratories built the 31-inch reflector in the 1960s. Observa-Dome fabricated the 7-meter aluminum dome under which it is mounted. A cinder block building houses the telescope and its control room. Initially, the telescope was used with a photoelectric photometer and photographic-plate spectrograph (Birney 1966 ) scale and an 8.7' field-of-view. A cryogenic refrigeration system cools the detector to 80 K and the filters and optics to 100 K (KC09); these temperatures vary less than 1 K during a night of observing. This "Cryotiger" by IGC Polycold is capable of maintaining the required temperatures for about five weeks during the summer and about five months during the winter (KC09). Tables 1 and 2 describe the telescope and camera further.
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In addition, the mechanical drawing of FanCam in Figure 1 illustrates some of its significant features.
In a separate analysis, KC09 compared eighty-five stars from NGC 2420 frames with 2MASS images and determined that 51% of the FanCam stellar images were within 50 mas of the 2MASS positions. For stars with K S 6 magnitudes between 9 and 14, 2MASS positions are internally repeatable to within 40 to 50 mas and show residuals of 70 to 80 mas (Cutri 2005) when compared with the positions in the USNO CCD Astrograph Catalog (Zacharias et al. 2000, hereafter UCAC). In addition, KC09 compared the positions of forty-four bright stars in a set of one hundred, 60-second images of NGC 2420 made in J-band. From the scatter in these positions, they estimate the internal repeatability of such measurements to be 1.3 µm (0.035").
FanCam contains two filter wheels with eight positions each. One position in each wheel will remain empty to allow them to operate autonomously. In addition to a blocker and two polarizers, nine filters are installed. The J and H filters share a common focus with a negligible shift to use the K S filter. Table 3 details the J, H, and K S filters considered for this study 7 ; these were salvaged from the 2MASS Prototype Survey camera (Beichman et al. 1998 ). Images of bright stars taken with this J filter show ghost images that are 5.5 mag fainter than and about 17.5" from the primary image. A ghost-free J filter has replaced the original 2MASS Prototype Survey J filter (KC09).
Methane absorption in T dwarf spectra brings their effective wavelengths nearer to those of typical reference stars when observed through a J or H filter (TBK03). Homogeneous apparent brightnesses for the science target and its associated reference frame, along with the general reduction in differential color refraction (DCR) at longer wavelengths (Stone 1984) , increase the scheduling window around an object's transit for parallax observations. Of these filters, J-band has the additional advantage of reduced sky brightness compared to the other bands (KC09). (Vrba et. al. 2004) .
Similarly, the ESO NTT program observed T dwarfs in J band (TBK03).
Plans for FanCam and the 31-inch reflector include the development of an autoguider; a prototype of which is in progress. However, the telescope currently tracks the sky reliably for at least 30 seconds. Longer exposures are possible, but image motion will occasionally render one useless. Because the detector saturates at 25,000 analog-to-digital units (ADU), exposures longer than 2 minutes tend not to be practical either (KC09). To observe objects as faint as 17th mag, multiple short exposures are combined. Although appropriate plate constants may be able to account for large shifts or rotations due to the stacking of images, observations for this study Table 4 . Figure 2 identifies the twenty stars selected within this region for evaluation, which are also listed in Table 5. A total of sixty-eight exposures of NGC 2420 were selected for this analysis. The January and February observations were 2-or 5-second exposures not initially planned for astrometry; the February frames were also made at large hour angles. The average seeing during these observations was 2". The November observations include frames taken specifically for astrometric assessment and frames taken to determine the limiting magnitude of FanCam. These exposure times ranged from 10 to 30 seconds. The average seeing in November was 1.7."
Overall, the minimum seeing to pixel scale ratio was 1.8, which indicates the point spread function of the stellar images should be well sampled. In general with a median seeing of 1.5" and a resolution of 0.51" pixel -1 , FanCam images should be slightly oversampled. IRCAM, an early infrared camera tested by the USNO, had a similar pixel scale and did not suffer from undersampled images (Vrba 2004 (Vrba , 2006 . In November, a series of identical length exposures was made close to the astrometric calibration field for use in estimating the sky background. Previously, the science images themselves were used to estimate the sky background. When the sky was clear near sunset or sunrise, sky flats and dark exposures were also obtained for calibration purposes and used for succeeding nights until a new set could be obtained.
REDUCTION
During read-out, rows 511 and 512 of each raw image were displaced. Therefore, the first step in the reduction replaced these two rows in each frame with pixels from rows 1,023 and 1,024 shifted by one column to the left using a custom Image Reduction and Analysis Facility (IRAF) routine (Tody 1986 (Tody , 1993 hereafter IRAF 8 ) as the first step. The current FPA control software has eliminated this problem. Next, all of the images were trimmed to eliminate bad columns and rows caused by the misalignment of the camera with the focal plane aperture.
Flattened images of NGC 2420 were prepared in batches by night and exposure time.
Custom IRAF routines combined the flats, darks, and sky background frames into single representative images. The sky background frames had the same exposure length as the science frames that they would be used to flatten. The representative dark image was subtracted from the representative sky flat to produce a master flat. The representative sky image was subtracted from each science image. Then, the sky-subtracted science images were divided by the master flat image. Finally, previously identified bad pixels were fixed; more than 99% of the array is usable (KC09).
After initial processing, the intensities of some pixels were negative. To correct these intensities, the value of every pixel in a particular image was uniformly increased to bring the minimum above zero.
After this flattening procedure, some visible structure remained in a number of images.
Samples of the sky background indicate this variation is significantly less than 1%. This type of artifact is rarely seen in FanCam images and has not been reported since. The flattened images were rotated so that north was to the top and east was to the left. The astrometric evaluation stars were checked individually for saturation and distortion. Next, Starlink conversion routines produced copies of the images in the format used by Figaro Version 2 (DST) for further processing.
Begam, Ianna, and Patterson (2009, in preparation) describe the Figaro-based image reduction pipeline developed for the SPP. Following these procedures, the images were cataloged and graded. The astcor routine extracted the position of each astrometric evaluation star. In some frames where large constants had been added to ensure all pixels contained positive intensities, the constants had to be subtracted again so that astcor did not misidentify bright stars as saturated.
Once positions for individual stars were measured, several combinations of images were considered: all images, individual nights, January and November images with moderate hour angles, and February and November images with large hour angles. Parallax input files were constructed for each case treating the central star, astrometric evaluation star 20, as the "parallax" star. For individual nights and for the February and November combination, the image with the best quality overall along with the image taken immediately after it were averaged to serve as the "trail plate," to which system the other frames were reduced. For the other combinations, four January images taken close to the meridian were averaged as the trail plate. The mean error in a single observation of unit weight (m.e.1), estimated herein using the standard deviation of the plate adjustment model for each frame, is a measure of repeatability of positions (Monet et al. 1992) . Table 6 lists the averages for each batch of frames considered. The x-and y-coordinates, which correspond to right ascension and declination, are considered separately. Overall, the precision is 1.3 ± 0.7 µm and 1.3 ± 0.8 µm in the x-and y-axes, respectively, which corresponds to 0.04" ± 0.02" in either case. The errors in a particular axis range from 0.6 to 2.0 µm (0.016 to 0.06"). The early November frames that were taken specifically as astrometric calibration frames have the smallest errors in x and y. This batch has the advantage of including only background-limited images collected within 15 minutes of the meridian under better seeing conditions than occurred earlier in the year. The batches taken at large hour angles (February, November late, and both combined) have larger errors in y than x, as may be expected. The January frames taken within five minutes of the meridian have the largest errors, with its x-coordinate slightly worse than the y.
ANALYSIS
The xy-averaged precision for all frames considered is about ±1.3 µm (±0.04"), which is slightly better than the single-position precision of ±1.7 µm (Guinan & Ianna 1983) Table 7 characterizes these detectors while Table 8 summarizes their precision. First, USNO preliminary astrometric testing using cluster fields obtained a total m.e.1 of ±0.5 µm (±7 mas) in J-band using IRCAM, which was not specifically designed for astrometry (Vrba et al. 2000 (Vrba et al. , 2004 . The total m.e.1 for FanCam is 1.9 µm (±50 mas) overall or ±1.0 µm (±30 mas) for the November frames alone. Encouraged by their IRCAM results, the USNO then developed an infrared detector expressly for astrometry, ASTROCAM. Vrba (2009, private communication) reports an average m.e.1 for ASTROCAM of about 0.26 µm (3.5 mas). In addition to the USNO infrared parallax program, TBK03 measured relative parallaxes for nine T dwarfs in J band using the Son of ISAAC This filter, which was used in this study, produces ghost images that are 5.5 mag fainter than and 17.5" from bright sources. It has been replaced by a ghost-free filter. e Filters were salvaged from the 2MASS Prototype Survey camera (Beichman et al. 1998) . Misalignment of the camera with the focal plane aperture is apparent along the north and east edges. Stars 1, 2, 3, and 10 were eventually dropped from the analysis because they did not appear in the January frames used as a "trail plate". Star 7 was dropped from several batches because it was saturated in some November frames.
